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Introduction
The association between psychological stress and cardiovascular disease has been documented in a number of epidemiological, clinical and experimental studies, as recently reviewed by Lagraauw et al (Lagraauw et al. 2015) . Bouts of psychological stress also trigger cardiac events and this effect may be stronger in individuals with unfavorable psychological attributes, such as low coping skills and depressive mood (Edmondson et al. 2013) . Still, it is unclear why some individuals are more susceptible to emotional stress than others and many questions remain to be answered about the mechanisms by which stress influences the cardiovascular risk. Inflammation has been proposed as one mechanism linking stress to increased risk of cardiovascular disease.
Matrix metalloproteinase (MMP)-9 in coronary artery disease
Atherosclerosis is a chronic inflammatory process in the arterial wall (Silvestre-Roig et al. 2014) . As a mediator of inflammation and matrix-degrading protease, matrix metalloproteinase (MMP)-9 is considered to play a key role in both development of atherosclerosis and plaque destabilization. Its proatherogenic effects are well documented in experimental studies (Ketelhuth and Back 2011, Newby 2015) . Circulating levels of MMP-9 have also been shown to predict cardiovascular risk (Blankenberg et al. 2003 , Garvin et al. 2015 . Moreover, independent associations between MMP-9 levels and psychological risk factors, such as depression, cynical hostility and coping, have been reported (Garvin et al. 2009 , Domenici et al. 2010 .
MMP-9 is expressed by a number of cell types in diverse tissues, including leukocytes, macrophages, mast cells and endothelial cells. In the circulation, neutrophils are considered to be the major source (Jönsson et al. 2011 , Newby 2015 . The enzyme is stored in a latent form in gelatinase-rich (or tertiary) granules of neutrophils and rapidly released following stimulation (Soehnlein 2012) . In a previous study, we found that neutrophils in CAD patients were more prone to release MMP-9 ex vivo than were neutrophils from healthy controls. We also found that blood mononuclear cells in Lundberg AK 4 CAD patients had higher levels of MMP-9 mRNA compared with controls but that the secretion of MMP-9 ex vivo from mononuclear cells was negligible in both patients and controls (Jönsson et al. 2011 ).
Stress-induced inflammatory response is counteracted by glucocorticoids
Several studies have consistently shown that stressful stimuli can trigger an inflammatory response (Steptoe et al. 2007 , Rohleder 2014 , Kuebler et al. 2015 . In order to maintain homeostasis, the hypothalamus-pituitary-adrenal (HPA) axis and its end product glucocorticoids (mostly cortisol in humans) have an essential role in counteracting stress-induced inflammatory response. An impaired glucocorticoid response may thus result in a failure to dampen the inflammatory response. Accordingly, it has been shown that the cortisol response is negatively associated with both rapid NF-κB activation in blood mononuclear cells and delayed increases in plasma cytokine levels when individuals are exposed to laboratory stress (Kunz-Ebrecht et al. 2003 , Wolf et al. 2009 , Brydon 2010 ). In a previous study, we found that blunted cortisol response to acute psychological stress was related to elevations in C-reactive protein and MMP-9 levels the day after stress in both CAD patients and healthy controls. The attenuation of cortisol response was more frequently observed in patients than in controls (Nijm et al. 2007 . Interestingly, a blunted cortisol response to stress has also been associated with shorter leukocyte telomere length (Tomiyama et al. 2012) , the latter considered a marker of cardiovascular aging (Fyhrquist et al. 2013 ).
Glucocorticoid effects on neutrophil activation
Not only blood mononuclear cells are activated in response to stress. Stressful stimuli also induce activation of neutrophils (Ellard et al. 2001 , Mian et al. 2003 , Keresztes 2013 . The result is a rapid release of granule proteins but also de novo synthesis of cytokines by neutrophils themselves leading to amplification of the inflammatory response. Glucocorticoids have been shown to inhibit cytokine gene expression in neutrophils through binding and activation of cytoplasmic glucocorticoid receptors (Hirsch et al. 2012) . Whether glucocorticoids also inhibit the release of preformed granule proteins is less clear. In the present study, our main hypothesis was that an early stress-induced elevation in MMP-9 was associated with a blunted cortisol response to stress in CAD patients.
Speculating that this might identify a potential high-risk disease phenotype, we also investigated whether stress-induced release of MMP-9 in CAD patients was associated with psychological risk factors, leukocyte telomere attrition and atherosclerotic burden.
Methods

Study population
Sixty-four patients with a recent myocardial infarction and/or a coronary revascularization procedure (percutaneous coronary intervention or coronary artery bypass graft surgery) as index event were consecutively recruited from the Outpatient Cardiology Clinic at the University Hospital in Linköping, Sweden, 4 weeks after the index event. Exclusion criteria were age > 75 years, severe heart failure, neoplastic disease, major clinical depression, chronic immunologic disorders or treatment with immunosuppressive/anti-inflammatory agents. Psychometric measurements were performed on 3 separate occasions; 4 weeks, 12 months and 18 months after the index coronary event. Depressive symptoms and cynical hostility were assessed by using the Center for Epidemiological StudiesDepression scale (CES-D) (Radloff 1977 ) and the 12-item Cook-Medley Hostility Scale (Cook and Medley 1954) , respectively. Coping ability was measured by the Pearlin Mastery Scale (Pearlin 1978) .
The study was conducted in accordance with the ethical guidelines of Declaration of Helsinki, and the research protocol was approved by the Ethical Review Board of Linköping University. Written informed consent was obtained from all study participants. Lundberg AK 6 Between 6-12 months after the index event, all patients performed a standardized laboratory stress test. This test has been shown to elicit significant increases in heart rate and blood pressure, as described in our previous studies (Kristenson et al. 2005 , Nijm et al. 2007 . Instructed not to withhold their morning dose of cardiac medication, patients arrived to the laboratory at 8.00 pm and after preparations including a relaxation phase, 2 different psychological stressors were presented in a fixed sequence with a 2-min interval to allow time for instructions. The rationale for combining 2 stressors was to increase the likelihood of a stress response since hemodynamic reactions to single stressors can vary between individuals. The first stressor was an "anger recall" when the patient was instructed to recall an event that made him/her angry, frustrated, or upset and had 6 min in which to relate what had happened and how he/she had felt. The second stressor was a mental arithmetic test. The patient was then instructed to count backwards, 700 minus 7 as quickly and correctly as possible and to try to reach zero within 4 min. Blood pressure and heart rate were recorded before the first stressor and every 2 min for 34 minutes. Blood and saliva samples were collected directly before the first stressor and after 34 min, i.e. 20 min after the conclusion of the second stressor.
Standardized laboratory stress test
Analysis of MMP-9, MMP-8, myeloperoxidase (MPO) and interleukin (IL)-6
Serum levels of MMP-9 and MMP-8 were measured by Luminex Performance Human MMP Panel, serum levels of MPO by Luminex Performance Human Cardiac Panel B, and EDTA-plasma levels of IL-6 by QuantiGlo ELISA kit (all from R&D Systems, Minneapolis MN, USA) according to the protocol provided by the manufacturer. The interassay percentage coefficients of variation were for MMP-9: 13.8 %, MMP-8: 6.8 %, MPO: 5.0 %, and IL-6: 7.0 %. The minimum detectable doses (mean, pg/mL) were for MMP-9: 5.7, MPO: 18.4 , and IL-6: 0.16.
Analysis of cortisol
Saliva was collected with Salivette cotton swabs (Sarstedt, Nümbrecht, Germany) that were placed under the tongue for 2 minutes. The Salivettes were immediately frozen at -20 C°.
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The levels of free cortisol in saliva were determined at the accredited Clinical Chemical Laboratory at Karolinska University Hospital, Sweden by a commercial radioimmunoassay assay, CORT-CT2 (Cisbio Bioanalyser, Codolet, France). According to repeatedly performed quality assessments, the interassay coefficient of variance was less than 10 %. The limit of detection is 3.0 nmol/L and the limit of quantitation 100 nmol/L.
Telomere length measurement assay
DNA was prepared from whole blood using Maxwell 16 blood DNA purification kit (Promega Biotech, Stockholm, Sweden) and sent to the Blackburn laboratory at the University of California, San Francisco, where telomere length assays were conducted, as previously described (Lin et al. 2010 ).
The telomere length is measured as the ratio (T/S) between the telomere product (T) divided by single copy gene (S). The single copy gene measurement is to normalize for the quantity of DNA input. The ratio of T/S reflects the length of the telomeres, since the longer the telomere is, the higher is the telomere product. Briefly, the primers used for the telomere PCR are tel1b 
Carotid B-mode ultrasound
Carotid intima-media thickness (IMT) and plaque occurrence were assessed in all patients between 6-12 months after the index event by B-mode ultrasound using a 9-18 Mhz linear 2D transducer (ACUSON S2000 TM ultrasound system, Siemens Medical Solutions USA, Inc.). IMT was measured in Lundberg AK 8 the common carotid artery 1 cm below the bifurcation of the external and internal carotid arteries. A mean value of IMT was determined by performing two repeated measurements. The occurrence of plaques was assessed by scanning the carotid arteries transversely and longitudinally. Plaques were defined according to the Mannheim Consensus (Touboul et al. 2012 ) and defined as structures 50 % thicker than IMT in the focal area or a thickness > 1.5 mm.
In vitro neutrophil glucocorticoid suppression test
In a separate substudy, fresh heparinised whole blood was drawn from 5 CAD patients and 5 healthy volunteers. Neutrophil isolation was performed using Polymorphprep (Axis-Shield PoC AS, Oslo, Norway) as previously described (Jönsson et al. 2011) . Cell purity was assessed by microscopic examination. After isolation, the neutrophils were resuspended in RPMI-1640 with L-glutamine, 10%
FBS and 100U/ml penicillin 100μg/ml streptomycin to a concentration of 5 x 10 6 cells/ml. Cells (1mL) were stimulated with 10ng/mL of IL-8 (Sigma -Aldrich Corporation, St Louis, MO, USA) for 30 min in a 37 °C water bath. To assess the inhibitory effects of glucocorticoids, neutrophils were preincubated with dexamethasone (Sigma-Aldrich Sweden AB) at various concentrations (10 -6 M, 10 -7
M, 10 -8 M) for 5 min. Thereafter, IL-8 was added and cells were further incubated for 30 min. Finally, the cell suspensions were collected and centrifuged for 300 x g, 5 min, RT and supernatants were collected for MMP-9, MMP-8 and MPO analysis by Luminex, as described above.
Statistics
Values are presented as median (inter-quartile range). Wilcoxon signed-ranks test was used for pairwise comparisons and Friedman´s test was used to compare more than two observations repeated on the same subjects. Associations among variables were studied by means of the Pearson's correlation analysis of log-transformed data. Differences between groups were analyzed with Kruskal-Wallis test, and Mann-Whitney U-test was used for between-group analyses. A p-value < 0.05 was considered statistically significant. IBM SPSS Statistics 21 was used for statistical analyses.
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Based on previous data on MMP-9 measurements performed before and 24 h after stress , we estimated that we would need to include 62 patients to detect a difference of 93 ng/mL in serum MMP-9 between cortisol non-responders (less than 10 % increase in cortisol 30 minutes after stress) and cortisol responders in order to provide a power of 80 % and a significance level of 0.05.
Results
Patients´ characteristics and the cardiovascular response to stress
Demographical, clinical and laboratory characteristics, cardiovascular medication and results from psychological and carotid ultrasound measurements are summarized in Table 1 . CES-D scores did not vary significantly over time (Friedman´s test, p = 0.68), neither did cynical hostility or mastery scores (p = 0.76 and 0.39, respectively). Therefore, arithmetic means of samples from the 3 test occasions are presented (and also used in all statistical analyses). The cardiovascular response to the laboratory stress test is shown in Table 2 . Heart rate and systolic and diastolic blood pressures increased significantly already after the first stressor, and returned to baseline levels during recovery.
Correlations between stress-induced changes in MMP-9, MMP-8, MPO and cortisol
The release of MMP-9 in response to psychological stress showed a large variation and, therefore, a comparison between baseline and post-stress levels in the whole study sample revealed no significant difference, 311 (237-426) vs 315 (246-435) ng/mL. We also measured other neutrophilassociated proteins, namely MMP-8 (or neutrophil collagenase) and MPO, and found no differences between baseline and post-stress levels, 8.4 (5.4-13) vs 9.0 (6.0-13) ng/mL, and 195 (158-299) vs 212 (160-294) ng/mL, respectively. Also, the cortisol response to stress varied substantially and overall, there were no significant differences between baseline and post-stress levels of salivary cortisol, 31
(23-39) vs 27 (21-37) nmol/L. The correlations between log-transformed levels of MMP-9, MMP-8, MPO and cortisol (including baseline levels and percentage changes after stress) are shown in Table   3 . The baseline levels of MMP-9, MMP-8 and MPO correlated with each other and also with baseline neutrophil counts whereas baseline cortisol levels did not correlate with any neutrophil variables at baseline. After stress, the percentage changes in MMP-9, MMP-8 and MPO were strongly intercorrelated. All showed significant negative correlations with the percentage change in cortisol.
The correlation between stress-induced changes in MMP-9 and cortisol is further illustrated in Figure   1 .
We further assessed whether correlations persisted when study population was limited to males (n = 54) and found that the change in cortisol still correlated with changes in MMP-9 (r = -0.32, p = 0. 
Other correlates of stress-induced change in MMP-9
The stress-induced release of MMP-9 did not show any correlations with heart rate or blood pressure 
Patients divided into tertiles according to stress-induced change in MMP-9
As an alternative way to present data, we divided the CAD patients into tertiles depending on their percentage change in MMP-9 (Figure 2 ). Selected characteristics of the tertile groups are shown in Table 4 . The percentage changes in MMP-8 and MPO differed significantly across tertiles. Also, the cortisol response in the upper tertile (T3) differed significantly from the cortisol response in T1 and T2. Moreover, T3 exhibited a significant decrease in cortisol after stress (within-group, p < 0.001), while T1 and T2 did not (within-group, p = 0.81 and 0.18, respectively). Moreover, T3 exhibited higher baseline levels of IL-6 and shorter leukocyte telomere length compared with T1 and T2. The psychological background factors were similar across tertiles. Also, the cardiovascular reactivity to stress was similar (Table 4 ). There were no significant differences in age, gender, BMI, diabetes, smoking, cardiac medication (e.g. beta-blockers), neutrophil counts or base-line cortisol levels, neither were there any differences in IMT values or presence of plaques on the left side between tertiles (data not shown). However, T3 exhibited a significantly higher presence of plaques on the right side compared with T1, 100 % vs 68 %, p = 0.004.
Effect of dexamethasone on neutrophil release of MMP-9, MMP-8 and MPO
In order to evaluate whether glucocorticoids exerted rapid inhibitory actions on human neutrophils,
we assessed the effect of a synthetic glucocorticoid, dexamethasone, on isolated neutrophils from 10 individuals (5 CAD patients, 5 healthy controls). IL-8 was used to stimulate the release of MMP-9 from tertiary granules (Chakrabarti and Patel 2005) . The release was significantly reduced by dexamethasone at various concentrations from 10 -6 to 10 -8 M ( Figure 3A) . Also, the IL-8-induced release of MMP-8 was slightly reduced by dexamethasone ( Figure 2B ). The glucocorticoid effects were similar in patients and healthy volunteers. Treatment with dexamethasone without IL-8 did not affect the release of MMP-9 or MMP-8 (data not shown). Neither IL-8 nor dexamethasone affected the release of MPO into the supernatant (data not shown).
Discussion
Large variation in stress-induced release of MMP-9 among CAD patients
Acute stress giving rise to enhanced inflammatory response can be one major mechanism through which stress is linked to cardiovascular risk. Due to the release of preformed protein from neutrophils, MMP-9 can be detected in the circulation early after an inflammatory stimulus. It may therefore serve as as a useful marker of inflammation during stress. To our knowledge, this study is the first to investigate the early release of MMP-9 in response to a laboratory stress test. We found that the variation in stress-induced release of MMP-9 was substantial indicating that some CAD patients were vulnerable to stress-induced inflammation whereas others were not. In line with this, previous studies have shown that stress-induced release of other inflammatory markers, such as IL-6, varies markedly among healthy subjects (Steptoe et al. 2007 , Wolf et al. 2009 ). Also, a variation in stress-induced inflammatory response among CAD patients has been illustrated by Strike et al (Strike et al. 2006 ) who divided patients into two groups: those who reported that their previous cardiac event had been preceded by negative emotional stress and those who did not report any emotional trigger. In response to mental stress, the emotion trigger group showed a marked increase in platelet activation while no such changes were seen in the non-trigger group. Strike et al (Strike et al. 2006) also reported increased levels of neutrophil-platelet aggregates in the trigger group suggesting the occurrence of stress-induced neutrophil activation.
We also measured circulating levels of MPO which is abundantly expressed in primary granules of neutrophils, and MMP-8 which is expressed in secondary and also, to a lesser extent, in tertiary granules (Soehnlein 2012) . The increase in MPO and MMP-8 following stress strongly correlated with the increase in MMP-9, further supporting the presence of stress-activated neutrophils.
Negative correlations between stress-induced changes in neutrophil-associated proteins and cortisol
The cortisol response to stress also varied markedly among CAD patients. Twenty min after stress, as many as two-thirds of the study participants exhibited cortisol levels that were lower than pre-test levels. According to previous studies, a peak response in cortisol is expected to occur 15-25 min after a laboratory mental stressor followed by a rapid decline reaching below pre-test levels (Kunz-Ebrecht et al. 2003 , Brydon 2010 , McInnis et al. 2015 . However, in one study of healthy volunteers, cortisol levels were shown to be lower already 20 min after stress compared with pre-test levels (Steptoe et al. 2001) . Interestingly, Kunz-Ebrecht et al (Kunz-Ebrecht et al. 2003) reported that cortisol levels 20 min after stress were lower than pre-test levels in those individuals who exhibited the lowest cortisol response to stress, so-called cortisol non-responders. These authors also demonstrated that the cortisol stress response was negatively associated with proinflammatory cytokines suggesting that cortisol had an impact on the stress-induced inflammatory response. Subsequent studies further supported this theory by showing that cortisol response after laboratory stress correlated negatively with NF-κB activity in blood mononuclear cells (Wolf et al. 2009 ) and with plasma levels of IL-6 (Brydon 2010) . In a recent study by Keresztes et al (Keresztes 2013) , the association between HPA axis response and neutrophil activation was investigated in CAD patients undergoing percutaneous coronary intervention. A negative correlation between adrenocorticotropic hormone (ACTH) and lactoferrin, present in secondary neutrophil granules, was found the day after intervention suggesting a possible suppressive role of ACTH on neutrophil degranulation. In the present study, we observed significant negative correlations between stress-induced changes in cortisol and neutrophilassociated proteins after 20 minutes. This was further illustrated by dividing the patients into tertiles depending on their stress-induced changes in serum MMP-9. Cortisol declined significantly in the upper tertile only. Speculatively, this group of CAD patients may represent a group of cortisol nonresponders who fail to modulate their stress-induced neutrophil response.
Dexamethasone-induced suppression of MMP-9 release from neutrophils
We found that the IL-8-mediated release of MMP-9 from neutrophils in vitro was rapidly suppressed by dexamethasone. There were no apparent differences in glucocorticoid sensitivity between neutrophils from CAD patients and healthy subjects. However, the in vitro study was designed as a functional test only including cells from 10 individuals, thus not allowing the comparison between patients and controls. Also, the short-term stimulation with IL-8 was chosen to induce the release of MMP-9 from tertiary granules (Chakrabarti and Patel 2005) . This may explain the weaker suppression of dexamethasone on MMP-8 secretion as well as the lack of effect on MPO secretion. Each granule type differs in how quickly their contents can be released, for example primary granules are the last to undergo exocytosis.
Glucocorticoids are known to exert delayed (or genomic) effects on neutrophils (Hirsch et al. 2012) but whether glucocorticoids also exert rapid (or non-genomic) effects on neutrophil priming have been less clear. In vitro studies on human neutrophils have shown contradictory results; in one study, treatment with dexamethasone (10 -6 M) for 24 h failed to inhibit degranulation (Schleimer et al. 1989 ), while megadoses of 6β-methylprednisolone or hydrocortisone inhibited degranulation already after 10 min incubation in another study (Liu et al. 2005) . Furthermore, in a more recent study using a human skin blister model of acute inflammation, the inhibitory effect of methylprednisolone was due to inhibition of neutrophil degranulation (Hellberg et al. 2013 ).
Stress-induced release of MMP-9 -relation to psychological background factors
We found no evidence that psychological factors, such as depressive symptoms (CES-D), cynical hostility or coping ability, influenced the stress-induced release of MMP-9. These psychological factors were chosen because they have shown independent associations with circulating MMP-9 levels in a community-based Swedish population (Garvin et al. 2009 ). Furthermore, stress-induced inflammatory response has shown association with both hostility and depressive symptoms. In a study of 76 patients with acute coronary syndrome, MMP-9 levels were associated with IL-1β levels but only in those with high hostility (Fernandez Machulsky et al. 2016) . In another study of 34 patients with stable CAD, elevated IL-6 levels after laboratory stress were only detected in those with higher hostility scores (Brydon 2010) . Moreover, when 138 healthy subjects were exposed to stress a greater IL-6 response was only seen in those with CES-D scores > 10 (Fagundes et al. 2013 ). In our study, the number of patients with high CES-D scores may be too few (27 patients with CES-D > 10) to draw any conclusions about depressive mood and stress-induced release of MMP-9. On the other hand, the repeated measurements of psychological background factors can be considered a strength.
It should also be noted that large prospective studies have not been able to verify that inflammation is a link between depression and CAD (Nabi et al. 2008 , Davidson et al. 2009 ). It is possible that the capacity to down-regulate the response to acute stressors is more important than psychological background factors in determining the susceptibility to stress-induced inflammation.
Stress-induced release of MMP-9 -relation to leukocyte telomere attrition
One interesting observation was that stress-induced release of MMP-9 correlated negatively with leukocyte telomere length. Telomere shortening is considered to be a marker of cardiovascular aging (Fyhrquist et al. 2013) . Moreover, telomere shortening in leukocytes or blood mononuclear cells has shown associations with both blunted cortisol reactivity (Tomiyama et al. 2012 ) and hypocortisolism (Wikgren et al. 2012) . Granulocytes, of which > 95 % are neutrophils, represent the most abundant leukocytes in blood. Speculatively, short leukocyte telomeres may at least partly reflect a state of repetitive stimulation of granulocyte progenitor cells in the bone marrow. It was recently shown by Heidt et al (Heidt et al. 2014 ) that psychological stress increased proliferation of hematopoietic stem cells in the bone marrow of both wild-type and atherosclerosis-prone mice, resulting in increased output of neutrophils. Interestingly, the stressed atherosclerosis-prone mice exhibited a more inflammatory plaque phenotype involving higher neutrophil content and increased expression of MPO.
Stress-induced release of MMP-9 -relation to carotid atherosclerosis
Since coronary angiography is not an accurate method to assess atherosclerosis, carotid ultrasound was used to obtain an estimate of atherosclerotic burden. There was a weak but significant association between stress-induced release of MMP-9 and presence of plaques. Although data should be interpreted with great caution, they are in line with previous studies indicating a key role Lundberg AK 16 for neutrophils in the development of disease (Soehnlein 2012 , Della Bona et al. 2013 . In a large human cohort, Ionita et al (Ionita et al. 2010 ) demonstrated that high neutrophil numbers within the plaque correlated both with high intra-plaque levels of MMP-9 and MMP-8 and histopathologic features of rupture-prone lesions.
Limitations
Most important is to emphasize the limitations of our study, including the small sample size as well as the cross-sectional study design. The HPA axis response is complex and controlled by multiple factors. Although salivary cortisol is considered the measure of choice, measurements of ACTH and total cortisol in blood might have added useful information (Hellhammer et al. 2009 ). We believe that the early stress-induced increase in MMP-9, MMP-8 and MPO mainly reflects neutrophil activation. However, it would have been valuable to confirm the neutrophil activation status by e.g. flow cytometry. The lack of a healthy control group is another limitation. However, cardiovascular drugs may attenuate the cardiovascular response to stress and some of the most common drugs, e.g.
statins and aspirin, have the potential to inhibit gene expression and release of MMP-9 (Bellosta et al. 1998 , Hua et al. 2009 ). Thus, it would have been difficult to interpret whether a difference in stress-induced release of MMP-9 between medicated CAD patients and unmedicated controls represented the effect of CAD itself or the effect of medication.
Conclusion
To summarize, we found that the early stress-induced release of MMP-9 and other neutrophilassociated proteins was negatively associated with the cortisol response. In vitro studies further indicated that glucocorticoids were capable of suppressing the release of MMP-9 from neutrophils.
Patients who were susceptible to stress-induced release of MMP-9 exhibited shorter leukocyte telomere length (as an indicator of cardiovascular aging) and larger burden of subclinical carotid atherosclerosis. The susceptibility to stress-induced release of MMP-9 may thus have impact on disease phenotype. Stress tests can be useful to identify CAD patients in need of novel prevention and treatment strategies.
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